Abstract The Beijing Astronomical Observatory (BAO) 0.6 m telescope has been used for nearby supernova survey in more than 3000 fields, covering a total area of 235 deg 2 . More than 260 000 CCD images have been collected since April 1996, with 45 supernovae discovered. We searched for variables in about 90 000 images taken during 1996-1998. For the fields in which long period variables (LPVs) were discovered, we reduced further images taken from 1999 to 2000, for the period estimation. Among the 280 000 stars selected from the survey fields, i.e., brighter than 18 mag, we discovered seven new LPVs and reconfirmed three known LPVs. Additionally, we found 146 variable star candidates, and reconfirmed about 20 previously known or suspected objects.
INTRODUCTION
Imaging surveys of the sky have been used to search for variable stars for over a century. Tens of thousands have been found so far (ref. GCVS, Kholopov et al. 1985) . Since 1970's, and especially from the beginning of 1990's, thousands of new variables have been yielded by several key survey projects, e.g., the Optical Gravitational Lensing Experiment (OGLE) (Udalski et al. 1994 ) and the All Sky Survey Project (Pojmański 1997 (Pojmański , 1998 , thanks to the widespread use of small and medium telescopes and sensitive CCD cameras. Other projects, like searching for variables (Henden & Stone 1998) in the calibration fields of the Sloan Digital Sky Survey (SDSS) and searching for Cepheids and other variables in the Galactic plan of Crux and Centaurus (Caldwell, Keane & Schechter 1991) , have also scored great successes.
The BAO Supernova Survey (BAOSS) began in 1996. With an automatic system of high efficiency, we have discovered 45 supernovae in the past 5 years (Qiu et al. 2001 ). More than 260 000 images have been collected in the course of the survey. Its long time span and massive observational data set make it a valuable resource to be used for the searching of long period variables (LPVs). We mainly reduced the complete data taken during 1996-1998, which contained about 90 000 images. For those confirmed as LPVs, we reduced their images during 1999-2000 to determine their periods. Our fields are selected from the nearby galaxies, which are mostly located at high Galactic latitudes. It is important to search for variables in these fields for the study of high Galactic latitude behaviors. The project is also important in the study of the structure of the Galaxy. Figure 1 shows the distribution of all the survey fields in Galactic coordinates. It is easy to see that the fields of BAOSS are roughly uniformly distributed in Galactic latitudes, as distinguished from the fields of other projects, such as OGLE (Udalski et al. 1994) , which are mostly limited to some specific areas. Thus our project should give a global view of the distribution of variable stars of various types along the Galactic latitude.
In this paper, we first present the observations of our supernova survey and the reduction methods used for variable searching. Then we catalog the variable candidates we found and draw light curves of some of the long period variables.
OBSERVATIONS AND DATA REDUCTION
The BAO 0.6 m telescope used in the supernova survey is fully described in Qiu et al. (1999 Qiu et al. ( , 2001 . It is a completely automated telescope equipped with a TI 215 1024 × 1024 CCD at the prime focus with a 16.8 × 16.8 field of view. Each pixel is about 0.98 in size. The supernova survey began in April 1996, but the intensive survey only started in October 1996. The normal exposure time in the survey is 60 seconds for each of the 300-500 images taken every night. We used the unfiltered CCD for the imaging. The limiting magnitude is about 19.0. The full width at half maximum (FWHM) varies among the images, due to different seeing conditions, the average being about 3.0 .
Preliminary reductions, including bias subtractions, dark and flat corrections, were taken with standard IRAF packages in the course of the supernova survey.
We excluded bad-quality images with FWHM larger than 5.5 . In the event, 90 000 image frames in about 3000 fields, accumulated during 1996-1998, were selected. Thus, we have about 30 frames for each field. The time interval between successive frames of a given field is about 20 days. For some fields where LPVs were found, we extended the data reduction to the end of 2000.
We chose the images of best quality in each field as templates. Firstly, we did the photometry of the templates. For each field we compiled a catalog of stars of magnitudes from 9 to 18. We excluded stars that are very close to any bright stars or are contaminated by close neighbors in crowded regions, so all the stars we selected are relatively isolated. In total, about 280 000 stars are selected and the average number of stars in each field is about 90.
The comparison stars in each filed were chosen manually. Too bright stars saturated the CCD pixels on very clear nights, while too faint ones were not well exposed and have low S/N. Typically, our selected comparison stars are of magnitudes 12-14. All the comparisons are located far from the centers of galaxies, to avoid contamination by the galaxy.
Since the selected stars are isolated, it is reasonable to use aperture photometry to measure the instrumental magnitudes of the stars. All the processing of photometry was done with the tasks in the APPHOT package of IRAF. Each frame was automatically aligned with its template. The aperture photometry of the images was also done automatically. We used an aperture 1.5 times the FWHM and a concentric sky annulus with inner radius 4 times the FWHM and outer radius 10 pixels larger than the inner one. After the differential photometry, each star was checked for variability using a set of criteria. First, we calculated the night to night RMS scatter of each star and then fitted a curve of RMS scatter versus magnitude (see Fig. 2 ) for each field. If a field has too few stars to fit a satisfactory curve, we used the default curve which was fitted by combining some fields. We regard only stars with RMS scatters 5 times (5 σ) larger than the anticipated value, with respect to their magnitudes, as variable candidates. The circle with a dot in the middle in Fig. 2 marks such a candidate.
To derive the unfiltered CCD magnitudes of the variables, we compared the instrumental unfiltered magnitudes with those of local standards, and used the latter's R band magnitudes listed in the catalog USNO-A1.0 (Monet et al. 1996) as reference points. With the CCD response function known, it is possible to transform unfiltered CCD magnitudes to the standard (UBVRI) passband. For example, Riess et al. (1999) have given some transformation relations between the BAO CCD magnitudes and standard magnitudes. However, their relations are not general and are only suitable for supernovae. Since the CCD we used has its highest quantum efficiency from 6000Å to 8000Å (Riess et al. 1999) , it is reasonable to assume that our unfiltered CCD magnitudes nearly follow the standard R magnitudes. 
RESULTS AND THE CATALOG OF VARIABLE STARS
We obtained a preliminary list of about 200 candidates on the 5 σ criterion. We then manually checked all the images in the fields in which they are found, discarded all badlytracked images, and recalculated the rms for the field. We ended with a list of 154 variable candidates of high reliability. Ten of them can be easily classified as LPVs, because of their large amplitudes and obvious periodic variations. Three of these LPVs are previously known in the General Catalog of Variable Stars (GCVS, Kholopov et al. 1985) . We estimated the periods from their light curves. The light curves of the LPVs are shown In Fig. 3 . For the rest of the candidates, we cannot determine the periods and make the classification. These candidates should be confirmed with the more intensive observations in the future.
We divided the variable candidates into three categories, according to Henden & Stone (1989) : (1) stars with one or two bright points above the mean (High); (2) stars with one or two faint points below the mean (Low) and (3) all the remaining objects. In Fig. 4 , we present three sample light curves, one from each of the three cases. We obtained the coordinates of the candidates from the catalog USNO-A1.0 (Monet et al. 1996) . Most of the candidates are listed in the catalog, and then we extract the coordinates directly. For those not listed, we used their differential positions with respect to some reference stars to calculate their coordinates. In Tables 1 and 2 , we present the list of identified LPVs and variable candidates. Each is designated by a serial number in column (1), and by a name in column(2) from the field coordinates and the star's ID number. An asterisk denotes a previously known variable. The table also gives their J2000.0 equatorial coordinates in columns (3) and (4), B and R magnitudes in columns (5) and (6) from in the catalog USNO-A1.0. The CCD magnitude, its RMS scatter, amplitude of variation in magnitude and number of observations are given in columns (7), (8) and (9), respectively. Preliminary classifications, if available, and some notes regarding the nature of variability are given in columns (11). We found our list contains 16 known, and three suspected variables, after an examination of the General Catalog of Variable Stars (GCVS, Kholopov et al. 1985) , and the New Suspected Variable Catalog (NSV, Kukarkin et al.1982) . We list in Table 3 our survey variables that coincide with GCVS objects to within 2 in position and have similar brightness and amplitudes. Table 4 lists those coinciding with NSV objects to within 5 (taking into the consideration the poorer positioning accuracy of NSV). In the Column (5) of Table 3 and Column (4) of Table 4 , we list the difference (in arcmin) between our position and the catalogue position. The columns of Tables 3 and 4 have the same meaning as those of Tables 1 and 2, except that Table 3 uses GCVS names. 
DISCUSSION
A total of 154 variable candidates (on 5 σ criterion) have been found. Of these, 19 are previously known GCVS or NSV variables, the rest, about 88%, are new. They constitute 0.06% of all the stars identified in our survey. Considering the very stringent restrictions in making the BAO variable list the 0.06% is probably a lower limit of the actual proportion of variables in the survey fields. In particular, because of the long time gaps, typically 20 days, several classes of variables, such as eclipsing binaries, were poorly sampled by the survey.
There have been several other wide-field surveys for variable stars in recent years. Wetterer et al. (1996) surveyed 50 deg 2 with the CCD transit instruments, and reported on 42 RR Lyrae stars discovered during 145 observing nights. Caldwell, Keane & Schechler (1991) surveyed 9.4 deg along the southern Galactic plane, finding 1% of the 224 524 stars surveyed to be variable. Olech (1996) has reported 2288 variable discovered by OGLE survey out of 500 000 stars in 3 deg in dense Baade's window fields in the Galactic bulge. Henden & Stone surveyed 394 deg 2 in SDSS calibration fields, finding about 0.24% of 661 591 stars to be variable. Pojmański (1998) found about 90 new periodic variables among 45 000 stars in the all-sky automated survey project. The percentage of variables in these surveys is higher than in ours, because we used a 5 σ criterion to identify variables, rather than the 3 σ or 2.5 σ they used. In fact, we have also found more than 2000 variable candidates between 3 σ and 5 σ, but the errors due to the quality of CCD imaging are so large that we can not be sure whether they are true variables. We limited our results with the 5 σ criterion in order to maintain a high level of reliability. The variable candidates will be confirmed with more intensive observations in the future.
Ten LPVs were identified and seven of them are new discoveries. The periods of these LPVs ranges from about 120 days to over 500 days. The three known LPVs are Mira-type variables. The newly discovered ones probably belong to the same type.
